In our searching program for novel sorbicillin related compounds, three novel compounds, spirosorbicillinols A (1), B (2), and C (3), were isolated from the fermentation broth of the USF-4860 strain isolated from a soil sample. The planar structures of compounds 1-3 were determined from spectroscopic evidence and degradation reaction, and that of 1 was the same as that of 2. The relative stereochemistries of compounds 1-3 were determined by 1 H-1 H coupling constants, the elucidation of HMBC and NOESY spectra in detail. 1 and 2 were stereoisomers at C8 position, each other. We propose that compounds 1 and 2 were formed by exo and endo intermolecular Diels-Alder reaction between sorbicillinol as a diene and scytolide (proposed precursor-1) as a dienophile, respectively. Similarly, we propose that compound 3 was formed by an endo intermolecular Diels-Alder reaction between sorbicillinol and proposed precursor-2.
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In the course of our screening program for free radical scavengers by detecting the radical scavenging activity of DPPH-radical, 1) we isolated 12 active sorbicillin related compounds [2] [3] [4] [5] [6] [7] [8] from the fermentation broth of Trichoderma sp. USF-2690 and USF-4860 strains, which had been isolated from a soil sample collected in Shizuoka, Japan. In particular, several compounds of bisorbicillinoids 9) (dimeric sorbicillin related compounds) possess complex chemical structures, and exhibit interesting biological activities, e.g., inhibition of the production of TNF-by macrophages and monocytes, 10) inhibition of -1,6-glucan biosynthesis, 11) and inhibition of lipid droplet accumulation in macrophages. 12) Our continuing investigation to find novel sorbicillin related compounds from the fermentation broth of the USF-4860 strain resulted in the isolation and structural determination of three novel compounds, spirosorbicillinols A (1), B (2), and C (3). We describe in this paper the cultivation, isolation, physico-chemical properties, structural determination, bioactivity, and proposed biosynthetic pathway of 1-3.
The USF-4860 strain was incubated on a reciprocal shaker for 3 d at 30 C in 15-ml test tube containing the medium described in the Experimental section. A detailed analysis of the 1 H-1 H COSY, TOCSY, and HMQC spectra of 1 allowed us to elucidate the following three connectivities: C1 to C7, C15 to C10-C13, and C2 0 -C6 0 (Fig. 2) . The HMBC correlations of 4-CH 3 to C3, C4, C5, and C8, and 6-CH 3 to C1, C5, and C6 indicate connectivities C1 to C6, C4 to C8, and C3-C6. The structure of bicyclo[2,2,2]octyl moiety was confirmed by HMBC correlations of 1-H to C2, C3, and C8, and 7-H b to C2, C8, and C9. The structure of cyclohexene moiety with methoxy carbonyl unit was deduced from HMBC correlations of 13-H to 14-COOCH 3 , 15-H a to C14, 15-H b to C13, C14, and 14-COOCH 3 , and 14-COOCH 3 to 14-COOCH 3 . The connection of C8 and C10 via oxygen atom was revealed by key HMBC correlaton of 10-H to C8. Additionally, HMBC correlations of 2 0 -H and 3 0 -H to C1 0 , chemical shift of C2 ( C 111.2), and molecular formula implied that 1,3-pentadienyl moiety (C2 0 -C6 0 ) bound to C2 via C1 0 . Finally, the planar structure of compound 1 was determined as shown in Fig. 2 . 13, 14) In the HMBC spectrum, 7-H b ( H 3.05) to C2 was a strong correlation, however 7-H a ( H 2.18) to C2 was no correlation, and 7-H a to C6 was a strong correlation, however 7-H b to C6 was a weak correlation. This indicates that 7-H a and C2 were gauche. In addition, HMBC strong correlation of 7-H b to C9 and no correlation of 7-H a to C9 indicate that 7-H b and C9 were eclipsed. Finally, all relative stereochemistries of 1 were determined as shown in Fig. 3 by the NOE correlations 4-CH 3 to 11-H, and 7-H a to 10-H. These results indicate that the relative configurations of 1 were
Ã . The absolute stereochemistry of 1 was not confirmed, however we propose that the C6 positon was S-form as with sorbicillinol, 6) a key precursor of sorbicillin related compounds. 15) Spirosorbicillinol B (2) was isolated as a yellowish amorphous powder and the molecular formula of 2 was established as C 25 H 28 O 10 from HR-FAB-MS data.
A detailed analysis of 2D NMR data, including 1 H-1 H COSY, TOCSY, HMQC, and HMBC spectra, revealed that the partial structures C1-C9 with C1 0 -C6 0 containing two methyl groups (4-CH 3 and 6-CH 3 ), and C10-C15 with 14-COOCH 3 of 2 were the same as those of 1. However, the connection of C8 and C10 via oxygen atom could not be confirmed, since no HMBC correlaton of 10-H to C8 or 11-H to C9 was observed.
To confirm the carbon-carbon connectivities via oxygen atom at C8-O-C10 and C9-O-C11, degradation reaction of 2 was carried out. Spirosorbicillinol B (2) was treated with NaOMe to get the dimethyl ester derivative. 16 cleavaged. The key HMBC correlaton of 10-H ( H 3.83) to C8 ( C 84.9) revealed the connection of C8 and C10 via oxygen atom. Therefore, compound 4 was determined to be the dimethyl ester derivative from 2. Finally, the planar structure of spirosorbicillinol B was determined. It was the same as that of 1.
The relative stereochemistries of 2 were determined by 1 H-1 H coupling constants, elucidation of NOESY correlations and HMBC correlations. The large coupling constants (J 10-H,11-H ¼ 10:0 Hz and J 11-H,12-H ¼ 7:6 Hz) suggested that 10-H/11-H and 11-H/12-H were oriented in an anti configuration. In addition, the NOE correlation of 10-H to 12-H suggested that 10-H and 12-H were in a 1,3-diaxial like orientation. The geometry of a disubstituted double bond (C2 0 -C3 0 ) was confirmed to be E based on
0 -H ¼ 15:2 Hz). The geometry of a disubstituted olefin (C4 0 -C5 0 ) was also determined to be E from the NOESY correlation 3
0 -H/5 0 -H. The NOE correlations of 6-CH 3 to 2 0 -H and 1-H suggested that 6-CH 3 and C2 were gauche.
In the HMBC spectrum, 7-H b ( H 2.98) to C2 was a strong correlation, however 7-H a ( H 2.33) to C2 was a weak correlation, and 7-H a to C6 was a strong correlation, however 7-H b to C6 was no correlation. This indicates that 7-H a and C2 were gauche. In addition, the HMBC strong correlation of 7-H a to C9 and no correlation of 7-H b to C9 indicate that 7-H a and C9 were eclipsed. Finally, all relative stereochemistries of 2 were determined as shown in Fig. 4 0 -C6 0 containing two methyl groups (4-CH 3 and 6-CH 3 ), and C10-C15 with 14-COOCH 3 of 3 were the same as those of 1 and 2, except for C10 and C12. Compounds 1 and 2 had ether oxygen at C10 and hydroxyl group at C12, however compound 3 had hydroxyl group at C10 and ether oxygen at C12. In addition, as with compound 2, the connection of C8 and C12 via oxygen atom could not be confirmed, since no HMBC correlaton of 12-H to C8 or 11-H to C9 was observed.
As with compound 2, spirosorbicillinol C (3) was treated with NaOMe, and then gave a dimethyl ester derivative 5.
The FAB-MS data [m=z 543 ðM þ NaÞ þ ], the upfield shifts of 11-H and C11 signals ( H 4.31 to 3.42, C 83.0 to 75.4), and the HMBC correlation of a new methoxy proton signal ( H 3.69) to C9 and 12-H ( H 4.28) to C8 ( C 85.2) revealed that compound 5 was the dimethyl ester derivative from 3. Finally, the planar structure of spirosorbicillinol C was determined as shown in Fig. 5 .
The relative stereochemistries of 3 were determined by 1 H-1 H coupling constants, elucidation of NOESY correlations and HMBC correlations. The large coupling constants (J 10-H,11-H ¼ 9:6 Hz and J 11-H,12-H ¼ 10:8 Hz) suggested that 10-H/11-H and 11-H/12-H were oriented in an anti configuration. In addition, the NOE correlation of 10-H to 12-H suggested that 10-H and 12-H were in a 1,3-diaxial like orientation. The geometry of a disubstituted double bond (C2 0 -C3 0 ) was confirmed to be E based on 
Ã . Spirosorbicillinols A-C (1-3) and BHT were submitted to DPPH-radical scavenging activity assay. 1) After
2-8)
A possible biosynthetic scheme for the formation of 1-3 is shown in Fig. 6 . Many bioactive natural products were biosynthesized by Diels-Alder reaction, and reviews on them were published. 17, 18) Compounds 1 and 2 would be generated by exo and endo intermolecular Diels-Alder reaction between sorbicillinol as a diene and scytolide 19) (proposed precursor-1) as a dienophile, respectively. Similarly, we propose that compound 3 was formed by an endo intermolecular Diels-Alder reaction between sorbicillinol and proposed precursor-2, which was a 10-epi-9-dechloro derivative of a chlorinecontaining shikimate-related metabolite. 20) In fact, sorbicillinol existed in the same fermentation broth as 1-3, which supports the proposed biosynthesis of 1-3 via intermolecular Diels-Alder reaction. However, scytolide (proposed precursor-1) and proposed precursor-2 were not identified in it.
Further studies of the absolute stereochemistry as well as the biosynthesis of spirosorbicillinols are in progress.
Experimental
Chemicals. DPPH, BHT, and the other reagents were analyticalgrade products from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
Instruments. Spectroscopic measurements were taken with the following instruments: a JEOL Alpha-400 spectrometer (NMR), a Hitachi 270-50 infrared spectrometer (IR), a Shimadzu UV-160A spectrometer (the UV and visible spectra), a JEOL JMS-700 spectrometer (FAB-MS), and a Horiba SEPA-200 high-sensivity polarimeter (optical rotation). HPLC was carried out with a Jasco PU-980 pump connected to a Jasco UV-970 spectrometer (370 nm or 254 nm) and to a Shiseido Capcell pak C18 SG120 column (4:6 Â 150 mm or 15 Â 250 mm). Measurement of DPPH-radical scavenging activity. The ethanol solution of a sample (1 ml) was mixed with a 0.5 mM DPPH ethanol solution (0.5 ml) and 0.1 M acetate buffer (pH 5.5; 1 ml). After standing for 0.5 h and monitoring for 12.0 h, the absorbance of the mixture at 517 nm was measured. The ED 50 value was determined as the concentration of each sample required to give 50% of the absorbance shown by blank test.
